The ultimate goal of this paper is the determination of an azeotrope within a methanol-acetone system. An azeotrope is the point in a chemical system at which coexisting compositions of vapor and liquid phases are equal. The importance of this point lies in the fact that azeotropes are undesirable; they prevent one from completely separating a mixture through distillation. This state can occur over a range of temperatures and for the purposes of this paper there is only one azeotrope for each given temperature. All azeotropes occur at relative extrema in pressure. By finding these extrema, we find the mole fractions of an azeotrope for a given temperature in the methanol-acetone system. 
Problem Statement
An azeotrope exists when conditions involving pressure, temperature and mole fractions are just right. Let 1 , 2 , 1 and 2 represent, respectively, the mole fractions and partial pressures of methanol and acetone in a given methanol-acetone system. Given the equation, = 1 1 1 + 2 2 2 , determine the range of temperatures within an overall range of 180 to 500 Kelvin for which an azeotrope will exist for the given methanol-acetone system. A graphical example in which the Azeotrope occurs is depicted below.
Motivation
Azeotropy is a common subject in the discipline of chemical engineering. Azeotropes make the very common process of distillation difficult, because one cannot separate the two chemicals involved in the system. Then again, azeotropes only occur at maximum pressures for any given system over a certain temperature range. If one can either raise or lower the temperature enough, the azeotrope will disappear and distillation becomes possible once again. From an engineering standpoint, it is important to be able to identify the azeotropes that can occur in a system so that one can take the proper precautions to avoid them. 
Mathematical Description and Solution Approach
This problem involves finding the maximum pressure for a methanol-acetone system. Pressure is given by = 1 1 1 + 2 2 2 and through the use of differentiation one can then set the derivative to equal 0 and solve for . This may seem complicated at first, but the two variables are related to one another. 1 is equal to X and X 2 is equivalent to 1-X 1 . P 1 and P 2 are related to temperature; one must simply sample a series of temperatures. The equation relating P 1 (measured in torr) to temperature (measured in Kelvin) is as follows: A much more detailed version of this derivation is presented in the Appendix.
Using all of the preceding equations, one must determine the range of temperatures within a 180K to 500K range for which an azeotrope will exist. For the purposes of this experiment, temperatures were sampled every 20 degrees to give a rough estimate of where the azeotropes occurred. After a rough idea was ascertained, additional values of temperature were added to create more data.
Discussion
Through the use of the differentiation method to find a maximum value for the pressure function, one can sample a range of temperatures and find the mole fractions that occur at the extreme pressures for each sampled temperature. An azeotrope exists for the temperatures between 290 K and 465 K. At the first temperature, 290 K, the mole fractions were 0.005611 and 0.994389 for methanol and acetone, respectively. At 465 K, the mole fractions of methanol and acetone were 0.995671 and 0.004329.
It seems quite reasonable that the mole fractions of the system would change with increasing temperature. The mole fraction of methanol starts out very low, while the mole fraction of acetone starts very high. The mole fraction of methanol decreases with temperature, while the mole fraction of acetone increases with temperature. At exactly 381.43 K, right between the two extremes in temperature, the mole fractions are equal. At the end of the temperature range (465 degrees) the mole fraction of methanol is very high, i.e. close to 1, while the mole fraction of acetone has decreased to almost 0.
These results show that over a range of about 290 to 465 K, there exists an azeotrope. An azeotrope is undesirable because it will inhibit distillation. Azeotropy is relevant because the range of temperatures in which azeotropes occur are typical on the earth. On the other hand, if the temperature is dropped below or raised above the temperature range there should be no possibility of an azeotrope existing. In a very cool room or an oven, separating the two chemicals by distillation would, therefore, be simple.
Conclusions
In conclusion, the azeotrope for the methanol-acetone system can be found by differentiating the original equation = 1 1 1 + 2 2 2 and setting the derivative to zero to find the extrema of pressure-in this case, the maximum. The actual values of the temperatures used and the mole fractions that resulted may be found in the appendix.
In an attempt to simplify this paper, an implicit approach was used for the differentiation with substitutions made in the end. This implicit approach-though much simpler in conceptallowed for more errors in the differentiation. In taking this approach, negative signs were lost quite often, leaving one function of pressure equal to the negative value of another. This is not possible, as any pressure function must be positive. Going back to the seemingly more complicated differentiation process was the only answer. Thankfully, multiple parts of the equation cancel out yielding a usable formula for determining the mole fractions for a given temperature.
This problem was not easy, but if one wanted to make it even more challenging, one could ask the same questions using a system with three chemicals.
The differentiation process is as follows: Let = 1 1 1 + 2 2 2 .
With 1 = and 2 = 1 − ,
Setting / = 0 and differentiating 1 = 
